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(54) PROTON CONDUCTOR AND FUEL CELL USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a proton 
conductor capable of attaining proton conductivity of 10- 
2 8 cm-1 in a dry condition, that is, in a non-humidity 
condition at 1 G0°C or more and to provide a polymer 
solid electrolyte fuel cell using the proton conductor as 
an electrolyte. 

SOLUTION: The electrolyte prepared by combining ionic 
liquid and Bronsted- Lowry acid serving as a proton 
donor together into a complex shows nonaqueous proton 
conductivity at 100°C or more. In this way, a temperature 
of the solid polymer fuel cell PEFC 35 is increased and 
cold can be supplied with it is connected to an 
absorption-refrigerator 40, and heat for generating steam 
to be supplied to a reformer 31 can be obtained. 
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Consequently, system efficiency can be improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A proton conductor in which it is a proton conductor which comprises an ionic liquid 
and a proton donor, and this ionic liquid comprises the 4th class ammonium and an anion, and 
this proton donor is BURONSU Ted lowly acid. 

[Claim 2]Said the 4th class ammonium is imidazolium, pyridinium, or N^R^R^R^R^ (among a 
formula). R^ - R"^ may express an alkyi group, an aryl group, or an aralkyi group, respectively, 
and R*^ and R"^ may form a cycloalkyi group. The proton conductor according to claim 1 with 
which it is expressed. 

[Claim 3]Said anion AICI^", aluminum^Clg", aluminum2CI^', PFg', BF^', CRgSO^', ^H^^^3^^2^', 

C^^^3^^2^', and the proton conductor according to claim 1 or 2 with which it comes out, and it 

is and said BURONSU Ted lowly acid has a sulfonic group or a phosphate group. 
[Claim 4]Said the 4th class ammonium is a following chemical formula. 



NaCH^C ^ CH, L 



9 



I 

CI 

EMI BP TMPA P12 



It is expressed with whether it is ******** and said BURONSU Ted lowly acid is a following 

V° V° -(CF,CFA^CF-(^,V 

O- FX - CF (OCF,CF),^CF,J^3 
" H* CF3 

chemical formula. h.so» cf^,h(hto wfsi pfsa 
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(x, y, and z express a positive number among a formula, respectively.) - the proton conductor 
according to any one of claims 1 to 3 which is either or tris trifluoromethylsulfonyl methide acid 
(HTFSM). 

[Claim 5]The proton conductor according to any one of claims 1 to 4 obtained when this proton 
conductor polymerized [ proton conductor / said ] a monomer of the 4th class ammonium, an 
anion, and these polymers, and a mixture of a proton donor including polymers further. 
[Claim ejThe proton conductor according to claim 5 which said polymers are [ proton 
conductor ] addition condensation things and polymerizes said monomer by mixing a 
polymerization initiator into said mixture, and/or heating said mixture. 
[Claim 7]A fuel cell using the proton conductor according to any one of claims 1 to 6 as an 
electrolyte. 

[Claim 8]lnsert an electrolyte with an anode and a cathode, and also these are inserted with a 
separate conductive separator, A gas passageway is provided in the anode [ of each of this 
separator ], and cathode side, respectively, It is a fuel cell which pours fuel to a gas 
passageway in a separator by the side of this anode, and pours an oxidizer to a gas 
passageway in a separator by the side of this cathode, A fuel cell which this electrolyte is the 
proton conductor according to any one of claims 1 to 6, and is characterized by this anode and 
this cathode comprising this electrolyte and a platinum catalyst. 

[Claim 9]Laminated material which earned out the plural laminates of a fuel cell according to 
claim 7 or 8 or this fuel cell, A fuel cell system whose temperature at the time of said fuel cell 
operation it is a fuel cell system which comprises a means to cool this, and a means which 
takes out heat from this cooling method, and air is used for said oxidizer using synthesis gas 
which made said fuel reduce carbon monoxide concentration, and is not less than 100 **. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the applied system of the proton conductor 
which can be used for electrochemical devices, such as a cell and electrolysis, the fuel cell 
using this proton conductor as an electrolyte, and a fuel cell. 
[0002] 

[Description of the Prior Art]The perfluorocarbon-sulfonic-acid film etc. are used for the 
electrolyte membrane of the conventional solid polymer electrolyte fonn fuel cell (JP,7- 
901 11, A). Since the water in which a perfluorocarbon-sulfonic-acid film is contained in a film 
serves as a proton conduction path. There are dryness and a fault that it cannot be used in 
particular by a not less than 100 ** operating condition (J. Sumner et al., J. Electrochem. Soc, 
145, and 107 (1998)). In order to raise the proton conductivity in dryness, the trial which makes 
especially an organic polymer contain a proton electro-conductivity applying agent, and attains 
high temperature operation is also made (JP,2001-35509,A). Besides this, in order [, such as a 
silica distribution perfluoro sulfonic acid film (JP,6-111827,A), inorganic-organicity bipolar 
membrane (JP,2000-90946,A), and a phosphoric acid dope graft film (JP,2001-213987,A), ] to 
solve this, various trials are made. However, the film of these conventional technologies is 
compared with the usual perfluoro sulfonic acid film, Although the proton conductivity in 

2 1 

dryness is improving, the proton conductivity more than 10' S cm which can be used as an 
electrolyte membrane for solid polymer electrolyte form fuel cells on the not less than 100 ** 
conditions of not humidifying is not attained. 

[0003]On the other hand, this invention persons observed the ionic liquid as a material of such 
an electrolyte. An ionic liquid is also called ambient temperature molten salt and room 
temperature fused salt, and Fixity, ion conductivity, It is the fluid excellent in thermal stability 
and electrochemical stability (JP,11-297355,A, JP,08-245493A JP, 10-092467, A, JP.IO- 
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168028,A. etc.), An ionic liquid. Used examination of the Ion-conductive poly membrane is also 
performed (Journal of JP.2001-167629,A, JP,07-118480,A. JP,08-245828A JP.10-265673.A. 
JP,10-265674,A)- The Electrochemical Society and 147 (1) 34-37 (2000). Although the 
application to a capacitor, a rechargeable battery, a solar cell, a fuel cell, etc. is expected in the 
ion conductor adapting these Ionic liquids and ionic liquids, Although the lithium ion 
conductivity for the application to the ion which constitutes an ionic liquid, or a lithium 
secondary battery Is checked, proton conductivity Indispensable to a hydrogen-oxygen type 
fuel cell is not checked. 
[0004] 

[Problem(s) to be Solved by the lnvention]This invention provides the proton conductor which 

can attain the proton conductivity more than 10'^S cm"^ by dryness, i.e., the not less than 100 
** conditions of not humidifying, It aims at providing the solid polymer electrolyte form fuel cell 
which uses this proton conductor as an electrolyte. Such a fuel cell can generate a steam 
required for the reformer for supplying hydrogen to a fuel cell using exhaust heat, or can 
provide the cold energy double wage system using the absorption refrigerator using exhaust 
heat. 
[0005] 

[Means for Solving the Problem]This invention persons found out that an obtained electrolyte 
showed the proton conductivity of a non-drainage system at temperature of not less than 100 
** by composite-izing combining BURONSU Ted lowly acid which is an ionic liquid and a 
proton donor. That is, this invention is a proton conductor which comprises an ionic liquid and 
a proton donor, this ionic liquid comprises the 4th class ammonium and an anion, and this 
proton donor is a proton conductor which is BURONSU Ted lowly acid. This invention is a fuel 
cell which uses this proton conductor as an electrolyte. Laminated material in which this 
Invention carried out the plural laminates of this fuel cell or this fuel cell, It is a fuel cell system 
which comprises a means to cool this, and a means which takes out heat from this cooling 
method, and air is used for said oxidizer using synthesis gas which made said fuel reduce 
carbon monoxide concentration, and it is a fuel cell system whose temperature at the time of 
said fuel cell operation is not less than 100 **. A freezer usually used in the field concerned, 
heat exchangers, or these equivalent devices are used for a means which takes out this 
cooling method and heat. 
[0006] 

[Embodiment of the lnvention]The proton conductor of this invention comprises an ionic liquid 
and a proton donor. This ionic liquid comprises the 4th class ammonium and an anion. The 4th 
class ammonium used by this invention takes the gestalt of either imidazolium, pyridlnium or 

N"*'R^R^R^R^. the inside of a fonnula, R^ - R"* ~ respectively ~ an alkyi group - desirable ~ 
four or less carbon number ~ more ~ desirable ~ the alkyI group of a straight chain, and an 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fww4.ip... 7/24/2009 



JP,2003-123791,A [DETAILED DESCRIPTION] 



Page 3 of 11 



aryl group - desirable -- a phenyl group or an aralkyi group - benzyl is expressed preferably. 

R"^ and may form a cycloalkyi group and the carbon number which may have a side chain 
especially whose carbon number is two or less may form especially the cycloalkyi group of 4 
seven or less. 

[0007]lmidazolium is a lower type. 

It comes out, and it is expressed, R^, R^, and R^ are hydrogen or an alkyi group among a 
formula, respectively, and this alkyI group is [ a carbon number is four or less preferably, and ] 




a straight chain more preferably. Pyridinium is a lower type. 

It comes out, and it is expressed, R^ is hydrogen or an alkyI group among a formula, and this 
alkyI group is [ a carbon number is four or less preferably, and ] a straight chain more 
preferably. In such the 4th class ammonium, it is especially a following chemical formula. 

HsCHaC CH3 7+ ' 

CHjCH^CHjCH, 

EMI BP TMPA P12 

What is expressed with whether it is ******** is preferred. 

[0008]Although there is no restriction in particular in the anion used by this invention, AICI^', 

aluminum^Clg", aluminum2CI^", It is good to use PFg", BF^", CFgSOg', ^^^^^^^^^^'^ and 3C 
(CF3SO2)- 

[0009]When using the 4th class ammonium cation, an ionic liquid carries out equimolecular 
amount mixing of the halogenlde of the 4th class ammonium, the silver salt of an anion kind, 
and the lithium salt, and is obtained ionic exchange and by refining, for example. In order to 
remove the silver halide and lithium halide to generate enough, it is prefenred to wash with 
water to the case of a suitable solvent, for example, EMITFSI, and to refine. An ionic liquid is 
obtained by only mixing the above-mentioned 4th class ammonium (cation) and anion. 
Although it is mixable by arbitrary ratios, this the 4th class ammonium and anion are mixed by 
an equivalent, in order to function as an ionic liquid. However, this ratio may shift from an 
equivalent about 5%. 
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[001 0]A proton donor is BURONSU Ted lowly acid. As this BURONSU Ted lowly acid, 
phosphoric acid, sulfuric acid, sulfonic acid, inorganic solid acid, and these derivatives can be 
used. When the proton conductor of this invention is constituted in this, when phosphoric acid 
is used, since that operating temperature is about 200 **, these are preferred [ when sulfonic 
acid is used, that operating temperature is to about 150 **, and / operating temperature ]. 
Especially since the degree of disassociation of sulfonic acid is high, it is prefenred. What has a 
not much small electric charge over an ion radius (** of ion) has a weak function as a proton 
donor, and what has this not much large on the other hand is too strong, and is not suitable. 
That is, as BURONSU Ted lowly acid of this invention. It is a following chemical fomiula. 

^Q- ^3 O O 

^^"^ ""^S^ V° -(CF,CFA-(CF-CF,V 

O- F,C - CF (OCF,CFVO(CF,)^3 H* 

HjSOj CFjSOj^HTf) HTFSI PFSA 

(x, y, and z express a positive number among a formula, respectively.) - what is expressed 
with either, and tris trifluoromethylsulfonyl methide acid (HTFSM) are more preferred, and HTf, 
HTFSI, and especially HTFSM are preferred. 

[001 1]Although an ionic liquid and a proton donor are mixable by arbitrary ratios, if a proton 
donor becomes superfluous, the mobility of a proton will become low, proton conductivity 
becomes low, or the heat resistance which is the feature of an ionic liquid falls. Therefore, it is 
preferred that the proton donor of below an equivalent is 0.01-0.5 Eq especially to the 4th class 
ammonium. 

[0012]The proton conductor of this invention may be added to an ionic liquid and a proton 
donor, and also may also contain polymers. The manufacturing method of the electrolyte 
membrane which consists of an ionic liquid and BURONSU Ted lowly acid, Besides the 
RIKYASUTO method from the solution which the solvent was made to distribute, the polymers 
which have a BURONSU Ted lowly acid radical like this example, How to impregnate with an 
ionic liquid the poly membrane which has a BURONSU Ted lowly acid radical represented by a 
PFSA film and the polystyrene sulfonate film, The ion gel film of application of the spot 
polymerization which produces a film by mixing a polymerization initiator with the ionic liquid 
currently indicated by JP,8-245828,A, and the monomer of polymers with high compatibility 
and an ionic liquid can be used. An ionic liquid and compatibility are high and thermally 
Namely, stable HTFSI (screw trifluoromethylsulfonyl amic acid). It is a BURONSU Ted lowly 
acid addition ion gel film which mixes the ionic liquid and polymers monomer which added 
BURONSU Ted lowly acid, such as HTf, and a polymerization initiator, and produces a film. As 
an example of a polymers monomer, there are AZUBISU isobutyronitrile, benzoyl peroxide. 
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dibenzoyldisulfide, etc. as the mixture of methyl methacrylate (MMA) and ethylene glycol 
dimethacrylate (EGDMA). and a polymerization initiator. As for the mole ratio of a polymers 
monomer and an ionic liquid, 10:1 to about 3:7 are prefenred. 

[0013]Although the electrode (an anode and a cathode) can use any electrodes, preferably, 
PTFE liquid etc. are mixed the carbon which supported the precious metal catalyst of platinum 
etc., an ionic liquid, a proton donor, and if needed, this is applied on carbon paper, and this is 
produced by carrying out dry calcination. An electrode / electrolyte membrane zygote is 
producible by pinching the above-mentioned electrolyte membrane by this electrode of two 
sheets, and carrying out the hotpress of this at 120-150 **. 

[0014]The fuel cell of this invention uses the above-mentioned proton conductor as an 
electrolyte, this fuel cell ~ the anode side ~ fuel ~ pouring hydrogen or hydrocarbon preferably 
~ the cathode side ~ an oxidizer ~ it is constituted so that oxygen or air may be passed 
preferably (JP,05-326010,A, JP,2000-315507,A, JP,2001-176521,A, etc.). As especially shown 
in drawing 1 - 3, an electrolyte is inserted with an anode and a cathode. Insert these with a 
separate conductive separator and a gas passageway is provided in the anode [ of each of this 
separator ], and cathode side, respectively, It is a fuel cell which pours fuel to the gas 
passageway in the separator by the side of this anode, and pours an oxidizer to the gas 
passageway in the separator by the side of this cathode, and this electrolyte is the above- 
mentioned proton conductor, and a fuel cell, wherein this anode and this cathode comprise this 
electrolyte and a platinum catalyst is preferred. As this separator, porous carbon crossing and 
carbon paper are preferred, and in this structure, these two separators are constituted so that it 
may not flow. 

[0015]An example of this fuel cell is shown in drawing 1. The electrode / electrolyte membrane 
zygote 20 which comprises the proton conductor 27, the anode 28, and the cathode 29 of this 
invention are inserted with the separators 21 and 22 made from graphite, and a fuel cell is 
constituted. These each separators 21 and 22 have a gas passageway for circulating fuel or 
oxygen on that one side, and this gas passageway is provided, respectively so that the anode 
28 and the cathode 29 may be touched. This fuel cell is inserted and fixed with the end plate 
24 made from stainless steel via the copper tag blocks 23. The end plate 24 made from 
stainless steel of both sides is bound tight with the bolt 25 with an insulating insulator. These 
separators 21 and 22, the copper tag blocks 23, and the end plate 24 made from stainless 
steel are penetrated, the gas inlet and the exit are established in the anode and cathode side, 
respectively, and fuel gas and oxidant gas circulate, touching an electrode through these, 
respectively. Fuel passes to the anode 28 side (hydrogen etc.), and oxidants (oxygen etc.) are 
poured to the cathode 29 side, usually carrying out the plural laminates of the unit of such a 
fuel cell if needed - business ~ **** . 

[0016]Good performance is obtained when the fuel cell of this invention supplies non- 
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humidifying water matter fuel and oxygen (air) in 120 ** more than the boiling point of water. 
Therefore, a system and a different system can be built conventionally. A system is shown in 
drawing 2 conventionally which uses natural gas, town gas, etc. as raw materials and mineral 
fuel. In order to reduce the carbon monoxide concentration which supplies raw materials and 
mineral fuel and a steam to the reformer 31 , reforms to synthesis gas in the conventional 
system, and is contained in synthesis gas, After processing with the water gas shift reaction 
machine 32 and the selective oxidation machine 33, the humidifier 34 performs humidity 
control and fuel is supplied to PEFC(solid polymer fuel cell)35. The exhaust fuel gas of a fuel 
cell is burned with the burner 39, and it is considered as the reaction fever of the reformer 31 . 
Temperature control of PEFC35 is carried out by the cooling system 36, and exhaust heat is 
discharged as warm temperature by a condensator / heat utilization 37. An available 
temperature in a condensator / heat utilization 37 will be about 60-80 **. On the other hand, in 
the system using the fuel cell of this invention, as shown in drawing 3, the humidifier 34 
(drawing 2) becomes unnecessary, and in connection with this, it is simplified also including a 
control system, and low cost-ization can be attained. Since the temperature of PEFC35 
becomes high, it can connect with the absorption refrigerator 40 and cold energy can be 
supplied. By connecting the heat exchanger 41 and the cooling system 36, the heat for 
generating the steam supplied to the reformer 31 can be acquired, and system efficiency can 
be raised. 
[0017] 

[Effect of the lnvention]This invention provides a completely new proton conductor by 
combining BURONSU Ted lowly acid which is an ionic liquid and a proton donor. This proton 

2 1 

conductor can attain the proton conductivity more than 10 S cm by dryness, i.e., the not less 
than 100 ** conditions of not humidifying. If the solid polymer electrolyte form fuel cell which 
uses this proton conductor as an electrolyte can be functioned on the not less than 100 ** 
conditions of not humidifying and this fuel cell is used, A steam required for the reformer for 
supplying hydrogen to a fuel cell using exhaust heat can be generated, or the cold energy 
double wage system using the absorption refrigerator using exhaust heat can be provided. 
[0018] 

[Example]Hereafter, although this invention is illustrated in the example, it does not mean 
limiting this invention. 

In example 1 this example, it was confirmed using the EMITFSI-HTf (trifluoromethanesulfonic 
acid) system whether the mixed stock of an ionic liquid and BURONSU Ted lowly acid would 
function as a proton conductor.After dissolving EMIBr (made by solvent innovation (Solvent 
Innovation)) in the mixed solvent (volume ratio 1:1) of 2-propanol (Wako Pure Chem best) and 
ethyl acetate (Wako Pure Chem best) at 30 % of the weight, it was made to recrystallize and 
refined. Refined EMIBr and LiTFSI (made by Aldrich (Aldrich)) are mixed at 90 % of the weight 
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to equimolar underwater, and it was made to react, agitating at 70 ** for 24 hours using an oil 
bath. The solution after a reaction was washed with water. Since the compatibility over water 
was 1% or less, generated EMITFSI was extracted as an oil reservoir. The physical properties 
of output (EMITFSI) were melting point-17-15 **, decomposition temperature [ of 417 ** ] (10% 
weight loss temperature), and density 1.512 g cm-3 (30 **). and viscosity 27.2 mPas (30 **). 
[0019]As opposed to EMITFSI obtained as mentioned above in the cell 1 made from heat- 
resistant glass of U character shown in drawing 4, The sample 2 which carried out stirring 
mixing of 14% of the weight of the HTf (the Wako Pure Chem make. 98% of purity) was put in, 
the platinum electrode 3 and the platinum electrode 4 have been arranged on both sides of the 
cell 1 , and hydrogen or nitrogen was circulated in the near bubbling pipe 5 of the platinum 
electrode 3. DC power supply 6 were connected and the energization examination was done 
so that the electrode 3 might turn into an anode and the electrode 4 might turn into a negative 
electrode. The result of an energization examination is shown in drawing 5. When circulating 
hydrogen in the bubbling pipe 5, current flowed in proportion to the voltage between the 
electrode 3 and the electrode 4, and the generation of gas was observed from the electrode 4. 
On the other hand, when nitrogen was circulated in the bubbling pipe 5, current hardly flowed. 

By circulating hydrogen in the bubbling pipe 5, it is lower type electrode 3 (anode) H2-> 2H*+ 

at each electrode in H2 atmosphere. 2e" electrode 4 (negative electrode) 2H*+ Although the 

reaction shown by 2e'-> H2 occurs. It is thought that it is because an electrode reaction 

substance does not exist when nitrogen is circulated (N2 atmosphere). That is, it turned out 

that the mixed stock of an ionic liquid and BURONSU Ted lowly acid functions as a proton 
conductor. 

[0020] In order that the mixed stock of example 2 ionic liquid and BURONSU Ted lowly acid 
might measure proton conductivity, it measured using the cell shown in drawing 6.Two kinds of 
samples which carried out stirring mixing of 4.7 % of the weight and 14% of the weight of the 
HTf (the Wako Pure Chem make, 98% of purity) were used to EMITFSI prepared in Example 
1. attaching Luggin capillary 16 and Luggin capillary 16' to the both sides of the cell which 
inserted this sample - Luggin capillaries 16 and 16 - it stored in the standard poles 17 and 17 
inside, respectively. Bubbling pipe 15' was attached also to the electrode 14 side, and 
hydrogen was circulated from the bubbling pipes 15 and 15. energizing between the electrode 
13 and the electrode 14 by DC power supply 16, and measuring the voltage between the 
standard poles 17 and 17 - Luggin capillaries 16 and 16 - the voltage drop of the distance 18 
of a between was measured and the mixed stock of an ionic liquid and BURONSU Ted lowly 
acid asked for proton conductivity by Ohm's law. A measurement result is shown in drawing 7. 
When temperature becomes high, it is an example about the tendency for proton conductivity 
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to become large. The proton conductivity at 100 ** is a value which is equal to the quality of 

aqueous electrolysis in abbreviation 0.04 S cm" and ordinary temperature, and it turned out 
that it is the proton conductor outstanding in nonaqueous system environment. 
[0021]The electrolyte membrane which consists of example 3 ionic liquid and BURONSU Ted 
lowly acid was produced and evaluated. Ion exchange capacity used the perfluoro sulfonic acid 

(PFSA) solution of 0.91 - 1.1 meq g'^ as a compound raw material which BURONSU TEDDO** 

lowly acid and polymers combined, ion exchange capacity ~ the PFSA solution of 0.91 meq g 
- a Nation solution (the product made by Aldrich (Aldrich).) The PFSA solution of 5-% of the 

weight PFSA, a 15-% of the weight water **META Norian solvent, 1 .0 meq g"^ , and 1 .1 meqg'^ 
is an ASHIPU REXX (5-% of the weight PFSA, 15-% of the weight water **META Norian 
solvent) solution by Asahi Chemical Co., Ltd. EMITFSI used as an ionic liquid was come to 
hand and prepared by the method of the example 1 statement. EMITf used the Aldrich make 
and 97% of purity. After mixing and stirring 10 to 30% of the weight of EMITFSI, or EMITf to 
PFSA in a PFSA solution and a solution, the cast was carried out on the petri dish made from 
heat-resistant glass, desiccation and heat treatment were performed at 80-150 **, and it was 
considered as the electrolyte membrane of a PFSA system. 

[0022]The relation of the quantity of EMITFSI and the ion exchange capacity (catalog value) of 
a PFSA solution which are contained in the PFSA-ionic liquid bipolar membrane which mixed 
and produced 30% of the weight of EMITFSI in the PFSA solution is shown in drawing 8. Heat 
treatment temperature is 150 **. The PFSA with large ion exchange capacity of EMITFSI 
content was higher. (O seal of drawing 8) and EMITFSI content increased by using the solvent 
which added 30% of the weight of methanol to the PFSA solution of ion-exchange-capacity 

0.91 meq g'V In order to evaluate the thermal stability of these films, the result of having 
performed thermogravimetric measurement is shown in drawing 9. The weight change was 
measured carrying out temperature up to thermogravimetric measurement by a part for 5 **/in 
argon atmosphere using TGD 9600 by a vacuum science-and-engineering company. The one 
where the mixed amount of EMITFSI is high and heat treatment temperature is higher has a 
small rate of weight loss. In the solvent which added methanol, the rate of weight loss is still 
smaller. In order to improve thermal stability, when producing bipolar membrane, in order to 
fully evaporate [ which uses the solvent which adds methanol and evaporates easily ] a solvent 
so that the content of an ionic liquid may become high, methods, such as heat-treating at a 
high temperature, are effective. By the system containing an ionic liquid, to carrying out weight 
loss of the PFSA which does not add an ionic liquid rapidly in the temperature of not less than 
250 **, and degradation of decomposition of a sulfone group, etc. having taken place.The rapid 
weight loss from 250 ** is not seen, but when an ionic liquid exists, heat resistance's of the 
PFSA film itself improves. 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 7/24/2009 



JP,2003-123791,A [DETAILED DESCRIPTION] 



Page 9 of 1 1 



[0023]The measurement result of the proton conductivity of PFSA-EMITFSI bipolar membrane, 
PFSA-EMITf bipolar membrane, and a PFSA film is shown in drawing 10. Measurement used 
the direct-current 4 terminal method in the inside of dry hydrogen atmosphere. In the 
temperature rise process, the water cun'ently held evaporated, proton conductivity was lost 
rapidly, and the PFSA film showed the irreversible action in the temperature fall process. 
Although the PFSA film was film state transparent originally, the PFSA film after measure 
resistance test tenmination was colored brown. On the other hand, when temperature became 
high according to the Al Rhenius rule, proton conductivity also became high, and PFSA-TFSI 
bipolar membrane and PFSA-EMITf bipolar membrane showed the action reversible also at 
the time of a temperature fall. The bipolar membrane of these ionic liquids and BURONSU Ted 
lowly acid shows the tendency for proton conductivity to become large if temperature becomes 
high, By PFSA-TFSI bipolar membrane, a not less than 100 ** temperature range especially 

showed the proton conductivity more than 10'^ S cm'^ sufficient as an electrolyte membrane for 
fuel cells. 

[0024]The example using PFSA-ionic liquid bipolar membrane as a manufacturing method of 
the fuel cell which uses the poly membrane which has an example 4 BURONSU Ted lowly 
acid radical, and the bipolar membrane of an ionic liquid explains.a platinum support carbon 
catalyst ~ the PFSA solution (a Nafion solution.) of ion-exchange-capacity 0.91 meq g" 
""eMITFS! prepared with the Aldrich make, polytetrafluoroethylene (PTFE) liquid (the Aldrich 
make, 60-% of the weight water dispersion), and said method of preparation was mixed. In the 
solid content of the PFSA solution and the PTFE solution, EMITFSI made the mixture ratio 30 
% of the weight to the solid content of a PFSA solution to the platinum support carbon catalyst 
20 % of the weight and 10% of the weight, respectively. This solution was applied on carbon 
paper, and in nitrogen, 150 ** and 30-minute heat treatment were performed, and it was 

considered as the electrode. 2 mg of the amounts of platinum of an electrode are cm . The 
electrode of two sheets has been arranged on both sides of the electrolyte membrane 
produced by the same method as Example 3, the hotpress was carried out for 2 minutes and 
by O.SMPa at 130 **, and it was considered as the electrode-electrolyte membrane zygote of a 
PFSA system. 

[0025]Next, the manufacturing method of the fuel cell using a BURONSU Ted lowly acid 
addition ion gel film is shown, a platinum support carbon catalyst ~ as the monomer of ion gel - 
- methyl methacrylate (MMA.) The Junsei Chemical Co., Ltd. make, bests, and ethylene glycol 
dimethacrylate () [ EGDMA and ] The Junsei Chemical Co., Ltd. make, mole-ratio 1:1 first- 
class mixture, polytetrafluoroethylene (PTFE) liquid (the Aldrich make, 60-% of the weight 
water dispersion), an alcohol water mixed solvent, HTf, and EMITFSI were mixed. In the solid 
content of said MMA, EGDMA1:1 mixture, and a PTFE solution, EMITFSI made the mixture 
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ratio 30 % of the weight to said MMA and an EGDMA mixture to the platinum support carbon 
catalyst 20 % of the weight and 10% of the weight, respectively. Benzoyl peroxide was added 
5% of the weight to said MMA and an EGDMA mixture as a polymerization initiator in this 
solution, it applied on carbon paper, the ion gel film was fonned on the platinum support 
carbon catalyst, and it was considered as the ion gel system electrode. 2 mg of the amounts of 

.2 

platinum of an electrode are cm . 

[0026]The ion gel system electrolyte membrane was produced by the following methods. 
Methyl methacrylate (MMA, the Junsei Chemical Co., Ltd. make, best) and mole-ratio 1:1 
mixture of ethylene glycol di methacrylate (EGDMA, the Junsei Chemical Co., Ltd. make, first 
class), HTf, and EMITFSI were mixed as a monomer, and it was considered as the ion gel 
solution, receiving an ion gel solution as a polymerization initiator at said MMA and an EGDMA 
mixture in azobisisobutyronltrile (the Wako Pure Chem make, not less than 95%) - 1-mol % -- 
it added, put into the petri dish, heat-treated at 80 ** for 12 hours, and was considered as the 
ion gel system electrolyte membrane. The thickness of the electrolyte membrane was 120 
micrometers. Said ion gel solution was applied to the ion gel system electrode at the both 
sides of the ion gel system electrolyte membrane, the electrode of two sheets has been 
arranged, the hotpress was carried out for 15 minutes and by 0.1 MPa at 80 **, the 
unpolymerized ion gel solution was polymerized, the electrolyte membrane was joined to the 
electrode, and it was considered as the ion gel system electrode-electrolyte membrane zygote. 

[0027]These electrode-electrolyte membrane zygotes were stored in the separator made from 
graphite, dry hydrogen and oxygen were supplied to each electrode, and the power generation 
examination was done. The fuel cell of the structure shown in drawing 1 was used. The end 
plate 24 made from stainless steel was bound tight with the bolt 25 with an insulating insulator, 
and the bolting pressure was adjusted so that the planar pressure of said fuel cell might serve 
as 0.2Mpa. As shown in drawing 1 , the load apparatus 26 and the ammeter, and the voltmeter 
were connected to this fuel cell, 200 Ncc/min supply of hydrogen and the oxygen was carried 
out, respectively, and the power generation examination was done. Operating pressure was 
made into atmospheric pressure. The result of the power generation examination at the time of 
using the electrode-electrolyte membrane zygote of a PFSA system is shown in drawing 11. 
The Nafion solution was used as a PFSA solution. The power generation test result of the 
conventional fuel cell produced as comparison without putting in EMITFSI is also shown 
collectively. The conventional fuel cell was measured about the case where dry hydrogen and 
oxygen are supplied at 120 **, when Nafioni 17 (registered trademark) was used Instead of 
PFSA-ionic liquid bipolar membrane as an electrolyte membrane, and was produced like the 
above and 70 ** steam saturated water matter and oxygen were supplied. Saturated steam 
gas humidified hydrogen and each oxygen by the with 70 cm in height, and a water 
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temperature of 75 ** bubbler. When the fuel cell of this invention was operated at 120 ** to the 
conventional fuel cell as compared with the case where hydrogen and oxygen of steam 
saturation are supplied, high cell voltage was obtained with the current density in a test range. 
When hydrogen and oxygen dry to the conventional fuel cell were supplied and it operated at 
120 **, cell voltage fell rapidly. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
danages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] lt is a figure showing the section of a fuel cell, a) shows the fixed fuel cell, the upper 
part is an anode (fuel electrode) side, and the lower part is a cathode (oxygen pole) side, b) 
expresses the electrode / electrolyte membrane zygote 20 of a, and the upper and lower sides 
are the same as that of a. 

[Drawing 2] lt is a figure showing the conventional fuel cell system. 

[Drawing 31 lt is a figure showing the fuel cell system of this invention. 

[Drawing 4] lt is a figure showing the device for an energization examination, 

[Drawing 5] lt is a figure showing the result of an energization examination. A vertical axis 

shows current and a horizontal axis shows cell voltage. 

[Drawing 61 lt is a figure showing the device for measuring proton conductivity. 

[Drawing 7] lt is a figure showing the proton conductivity of two kinds of proton conductors 

which mixed 4.7 % of the weight and 14% of the weight of HTf to EMITFSI. A vertical axis 

shows proton conductivity and a horizontal axis shows temperature. 

[ Drawing BJIt is a figure showing the relation of the quantity of EMITFSI and the ion exchange 
capacity (catalog value) of a PFSA solution which are contained in PFSA-ionic liquid bipolar 
membrane. 

[Drawing 9] It is a figure showing the rate of weight loss of various proton conductors. A vertical 
axis shows the rate of weight loss, and a horizontal axis shows temperature. 
[Drawing 10] It is a figure showing the proton conductivity of PFSA-EMITFSI bipolar membrane, 
PFSA-EMITf bipolar membrane, and a PFSA film. A vertical axis shows proton conductivity 
and a horizontal axis shows temperature. 

[Drawing 11] lt is a figure showing the result of the power generation examination at the time of 
using the electrode-electrolyte membrane zygote of a PFSA system. 
[Description of Notations] 
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1 The cell made from heat-resistant glass 

2 Sample 

3, 4, 13, and 14 Electrode 
5, 15, and 15' bubbling pipe 
6 and 12 Direct current 

16 and 16' Luggin capillary 

17 and 17' standard pole 

18 Distance of an Luggin capillary 

31 Reformer 

32 Water gas shift reaction machine 

33 Selective oxidation machine 

34 Humidifier 

35 PEFC (solid polymer fuel cell) 

36 Cooling system 

37 A condensator/heat utilization 

38 Steam generator 

39 Burner 

40 Absorption refrigerator 

41 Heat exchanger 



[Translation done.] 
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DRAWINGS 



[ Drawing 1] 




[Drawing 3] 
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[Drawing 4] 




[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 11] 
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